Abstract:Phenol,as one of the main constituents of biomass tar, was used to gasify for hydrogen in this paper. It was studied that the influences of the reaction temperature, steam / biomass (S / B), load and the preparationof the catalyst on the hydrogen yield, gasification efficiency and hydrogen concentration. In the experiment, the catalyst loading material is porous ceramic foam. The results indicate that the S/B molar ratio of 2,the temperature of 1073 K and the load of 8% provide favorable operating conditions for steam reforming of phenol so as to get the highest hydrogen yield,gasification efficiency and hydrogen concentration. And it was easier to produce hydrogen when catalyst was calcinated for 1hour at 973K and the porosity is 20ppi.
Introduction
During the gasification process of biomass, tar is an inevitable by-product in the pyrolysis stage. The production of tar will not only cause energy waste, reduce efficiency of gasification, and pollute the environment and equipments, but also pose a certain hazard to human health [1] .Tar catalytic reforming is the most important step in the process of biomass pyrolysis and gasification [2] . Research on tar removal usually considers the use of model compounds, such as toluene [3] ,naphthalene [4] and phenol [5] . In viewof thecurrent researchon the impact of catalyst preparation conditions on the gasification process of phenol are relatively small. In this experiment, phenol and Ni are separately used as the tar model compound and the catalyst for the catalytic reforming of phenol vapor in the experimental platform. The catalyst loading material is porous ceramic foam. The orthogonal experimental method is adopted to reveal the influence of different reaction conditions and varied preparation conditions of the catalyst on the phenol gasification to produce hydrogen.
Experimental materials and set-up
In the experiment，phenol is used as the model compound of tar and the nickel-based catalyst is used to catalyze steam reforming of phenol in reactor [6] .The catalyst loading material isporous ceramic foam made of silicon carbide. The schematic of the experimental apparatus was shown in Fig. 1 .The major equipment is the electric furnace and the evaporator consisted of the water-bath heater and the conical flask. Aqueous solution of phenol well mixed in the conical flask was heated by the water bath heater and then was introduced by the syringe pump into the quartz tube in the formation of gas to react.
Experimental results and discussion

Influence of Reaction Temperature, S/B and Load on the Experimental Results
S/B and load on productivity of hydrogen, gasification efficiency and hydrogen concentration in the first part of this experiment. Restricted by many factors in the investigation, the orthogonal experiment is performed to investigate the influences of reaction conditions on the results, and the catalyst should be produced under same the preparation condition. The experimental scheme and experimental results are shown in table 1. The reactions of biomass during the gasification process mainly are as follows:
It can be seen from the experimental results: (1) When S/B is 2 and the load is 8%，the reaction temperature is 973K, 1023K and 1073K respectively, hydrogen production rate increases from 0.108L/g to 0.183L/g, the gasification efficiency increases from 49.9% to 72.9%，the hydrogen content increases from 43.8% to 48.1%. Reaction (1)，reaction (2) and reaction (3) are endothermic reactions, the higher temperature is easier to occur for forward reaction of the endothermic reaction, thereby enhancing the hydrogen yield, gasification efficiency and hydrogen concentration.
(2) When the reaction temperature is1073K and the load is 8%，S/B increases from 1.5 to 2 and then increases to 2.5，hydrogen production rate increases from 0.176L/g to 0.183L/g and then decreases to 0.178L/g，the gasification efficiency increases from 70.6% to 72.9% and then decreases to 71.5%，the hydrogen content increases from 46.2% to 48.1% and then decreases to 47.1%.S/B can be increased in a certain range, thus the concentration of water vapor is improved, which is conducive to reactions in forward direction and improves the hydrogen yield. When S/B is increased from 2 to 2.5, an excess of the water vapor would lower the reaction temperature, decrease the reaction rate, and lower the hydrogen yield and gasification efficiency. Therefore, the most appropriate value for S/B is 2.
(3) When the reaction temperature is1073K and S/B is 2，loadincreases from 2% to 6% and then increases to 8%，hydrogen production rate increases from 0.179L/g to 0.183L/g, the gasification efficiency increases from 72.7% to 72.9%，the hydrogen content increases from 47.8% to 48.1%.The experimental results show that the productivity of hydrogen,gasification efficiency and hydrogen concentration ascend with the increaseof Ni load of the catalyst.The catalyst can accelerate the reaction rate and reduce the activation energy of the reaction.
Effect of Catalysts under Different Preparation Conditions on the Experimental Results
It is primarily to study the effects of the preparation conditions of the catalyst on hydrogen yield, gasification efficiency and hydrogen concentration in the second part of this experiment. The preparation conditions of the catalyst mainly include three aspects on calcination time, calcination temperature and porosity. The experimental conditions of the reactionare selected to be reaction temperature of 1073K, S/B of 2, and the load of 8%, and conduct the orthogonal experiment. The experimental scheme and experimental results are shown in table 2. From the experimental results:
(1) When the calcination temperature is 973K and porosity is 20ppi，catalyst calcination time increases from 1H to 2H and then increases to 3H，hydrogen production rate decreases from 0.176L/g to 0.163L/g, the gasification efficiency decreases from 74.3% to 70.1%，the hydrogen content decreases from 48.7% to 46.8%.The experimental results show, that the productivity of hydrogen, gasification efficiency and hydrogen concentration decrease gradually when the calcination time of the catalyst is raised from 1H to 3H.This is mainly because the calcination time is too long, and the pore structure on the catalyst surface occurs sintering, which makes the specific surface area of the catalyst decreased, and reduces the activity of the catalyst.
(2) The catalyst calcination time is 1H and porosity is 20ppi，the calcination temperature increases from 873K to 973K and then increases to 1073K， hydrogen production rate increases from 0.164L/g to 0.176L/g and then decreases to 0.160L/g, the gasification efficiency increases from 70.3% to 74.3% and then decreases to 67.9%，the hydrogen content increases from 47.5% to 48.7% and then decreases to 46.7%.This is mainly because the calcination temperature must be strictly controlled in the process of calcination of the catalyst so as to gain crystalline phase of the catalyst, grain size, pore structure and specific surface area in a favorable state. Therefore, in order to improve the hydrogen yield, gasification efficiency and hydrogen concentration, the calcination temperature of the catalyst should be within a certain range.
(3) The catalyst calcination time is 1H and the calcination temperature is 973K，porosity increases from 10ppi to 20ppi and then increases to 40ppi，hydrogen production rate increases from 0.171L/g to 0.176L/g and then decreases to 0.172L/g, the gasification efficiency increases from 73.7% to 74.3% and then decreases to 73.9%，the hydrogen content increases from 48.2% to 48.7% and then decreases to 48.2%. If the porosity of silicon carbide is too narrow, the contact area of the catalyst and the reactants and the contact time will be decreased, impacting on the reaction rate. If the density of silicon carbide is too large, it will contribute to the uneven distribution of the catalyst. Therefore, porosity should be within a reasonable range.
Conclusions
(1)The reaction temperature has the greatest influence on the hydrogen yield, and the higher reaction temperature is more favorable to improve the hydrogen yield. The most appropriatereaction temperature in this experiment is1073K.The influence of S/B on hydrogen yield is less than that of temperature. S/B should be within a certain range. The most appropriate S/B in this experiment is 2. The influence of load on the hydrogen yield is minimal and it is more favorable for hydrogen production when the load is 8%in this experiment.
(2)The calcination temperature has the greatest influence on the hydrogen yield. Furthermore, the suitable calcination temperature is more favorable to improve the hydrogen yield, and the calcination temperature is 973K in this experiment. The influence of calcination time on the hydrogen yield is less than that of calcination temperature. The calcination time shall be not too long. When calcination time is 1H in this experiment, the hydrogen can obtain the highest yield. The influence of porosity of the catalyst on the hydrogen yield is minimal and the most suitable porosity is 20ppi in this experiment.
